Abstract. This study is about business strategy selection for green supply chain management (GSCM) for PT XYZ by using Analytic Network Process (ANP). GSCM is initiated as a response to reduce environmental impacts from industrial activities. The purposes of this study are identifying criteria and sub criteria in selecting GSCM Strategy, and analysing a suitable GSCM strategy for PT XYZ. This study proposes ANP network with 6 criteria and 29 sub criteria, which are obtained from the literature and experts' judgements. One of the six criteria contains GSCM strategy options, namely risk-based strategy, efficiency-based strategy, innovation-based strategy, and closed loop strategy. ANP solves complex GSCM strategyselection by using a more structured process and considering green perspectives from experts. The result indicates that innovation-based strategy is the most suitable green supply chain management strategy for PT XYZ.
Introduction
Significant development of the manufacturing industry in the last three decades has led to the trend of mass production that affects the environment. Some of the environmental impacts of mass production are the depletion of natural resources and increased pollution of water, air, and soil that affect human health. According to data from the U.S Department of Energy [1] , carbon emission has increased significantly from 1990. Emissions from fossil fuels and industrial processes contribute to about 78%, while agricultural activities, deforestation, and land conversion are the second largest contributors [2] .
Reports from United Nations Environment Program (UNEP) indicate that there is a gap between efforts to reduce environmental impacts and earth's level of damage [3] . The gap occurs because only few companies consider social and environmental factors in their business decisions.
Every activity in the company's supply chain affects the environment. Therefore, the companies must find ways to minimize the environment impacts from their supply chain activities. Protection activities toward environment performed by the companies are not just a form of responsible action toward the environment, but also a way to respond to public concerns over environmental issues. In addition, increased national and international legislation have also made companies to be more responsible towards the environment issues [4] .
One of the popular programs that reflects environmental friendly business activities is green supply chain management [5] , which is the integration of environmental principles into supply chain management including material procurement, production process, distribution to end customers, and end-of-life product management [6] . The green supply chain management (GSCM) can lower the costs leading to significant advantages and profit [4] . PT XYZ (the name of the company is not revealed for confidentiality reasons) is a multinational company producing personal and skin care products with thirteen different brands. In the AsiaPacific region, the company produces two brands of skin care and protection products. The supply chain activities of PT XYZ are from procurement, manufacturing, until distribution to the end customers. Due to limited resources and increasing customer demand, the company is very concerned about environmental issues related to manufacturing process, from the beginning up to the end of it. The company has an objective to produce high quality products and at the same time minimizing the environmental impacts. Thus the company requires an approach to select the most suitable green supply chain management strategy to be implemented. This paper aims to develop a decision network model to select the suitable green supply chain management strategy for PT XYZ by using analytic network process (ANP) [7] . ANP is used as it provides a general framework to deal with decisions without making assumptions about the independence of higher-level elements from lower-level elements, and about the independence of the elements within a level as in a hierarchy [8] . It focuses on dependent and feedback relations among factors in the network, imitating the decision-making environment [5] , and thus it is suitable for GSCM strategy selection.
The remainder of the paper is presented as follows. Relevant literature review is explained in Section 2. Research methodology and ANP model are presented in Section 3, followed by analysis of findings in Section 4, and conclusions and recommendations in Section 5.
Literature review
According to Zsidisin and Siferd [9] , GSCM is "the set of supply chain management policies held, actions taken and relationships formed in response to concerns related to the natural environment with regard to the design, acquisition, production, distribution, use, re-use and disposal of the firm's goods and services". The scope of GSCM practices implementation are from green purchasing to integrated life cycle management supply chains flowing from supplier, through to manufacturer, customer and closing the loop with reverse logistics [10] .
According to Nikbaksh [4] , GSCM is originated from two concepts, namely supply chain management and environmental management. The council of Supply Chain Management Professionals (CSCMP) defines supply chain management as the planning and management of all activities involved in sourcing and procurement, conversion, and all logistics management activities, it also includes coordination and collaboration with channel partners, which can be suppliers, intermediaries, third party service providers, and customers [11] . Environmental management, on the other hand, can be defined as the management of human's interaction with the environment and their impacts on the environment [4] .
Diabat and Govindan [12] discuss the eleven drivers of GSCM obtained from the literature, namely certification of suppliers' environmental management system, environmental collaboration with suppliers, collaboration between product designers and suppliers to reduce and eliminate product environmental impacts, government regulation and legislation, green design, ISO 14001 certification, integrating quality environmental management into planning and operation process, reducing energy consumption, reusing and recycling materials and packaging, environmental collaboration with customers, and reverse logistics.
The advantages of GSCM are reducing cost and risk, improving productivity, increasing property value, improving public image, and creating healthier environment, while the main barriers of GSCM are environmental requirement costs, lack of green awareness, technological barriers, and lack of environmental information, knowledge and trainings [4] .
Companies require a strategy to implement GSCM. Simpson and Samson [13] propose a typology of GSCM strategies, namely: risk-based, efficiency-based, innovation-based, and closed-loop strategies. Risk-based strategies are based on minimal inter-organizational engagement, and the ultimate goal is risk-minimization by passively accomplishing environmental programs. Efficiency-based strategies are more complex than risk-based strategies. They are primarily directed at firms to simultaneously reduce cost, meet operational optimization, and decrease environmental degradation. Innovation-based strategies guide companies to develop products from product life-cycles, enact stricter environmental requirements upon their suppliers, and even trains them to adjust operational processes to follow the newest environmental regulations. Lastly, closed-loop strategies are the most complicated strategies. They aim at seamlessly integrate issues of economic, operational, and environmental performance, therefore require high levels of control over the capture and return of used materials.
Chen et al. [5] also propose the company to estimate their situations to determine the amount of resources to invest in green management, allowing the strategic green attitude to develop GSCM strategies. The perspectives of green management and their characteristics are presented in Table 1 . Previous studies have been conducted to discuss the GSCM strategy selection. For instance, Zhao et al. [14] describe the strategy selection to minimize carbon emission and environmental risks in the green supply chain by using game theory. Chen et al. [5] propose an approach to select GSCM using ANP. The decision network consists of five clusters (green design, green manufacturing, green purchasing, green marketing and service, and GSCM strategies) with a total of eighteen sub-criteria. The GSCM strategies alternatives are adopted from Simpson and Samson [13] . Muralidhar et al. [15] , on the other hand, use fuzzy-analytic hierarchy process (fuzzy-AHP) and Topsis to evaluate GSCM strategies. The first-level criteria are green procurement, green manufacturing, customer service, and environment management, and the total number of sub-criteria is sixteen. Luthra et al. [16] use AHP to rank strategies to implement GSCM in Indian manufacturing industry. They identify more than thirty strategies from literature and discussions with experts, and classify the strategies into four groups based on direct or indirect role in GSCM, namely nonmembers of supply chain, downward stream supply chain members, organizational perspective and upward stream supply chain members. Odeyale et al. [17] use fuzzy-AHP to select GSCM strategy, and the criteria are the same as in Chen et al. [5] , and the strategies are adopted from Simpson and Samson [13] .
Various methods with different criteria have been used to determine/rank the GSCM strategies. However different company may have different circumstances and thus may require different criteria to choose the most-suitable GSCM for them.
Research methodology and ANP model

Research methodology
The research objective is to develop decision network model to select the best-suitable GSCM strategy for PT XYZ by using ANP. The ANP is a generalization of AHP. The basic structure is an influence network of clusters and nodes contained within the clusters, and the priorities are determined the same way as in AHP by using pairwise comparisons and judgement [7] .
In particular, a literature review is conducted to identify GSCM strategy alternatives and the selection criteria. A questionnaire is then distributed to three SCM experts (from the Indonesian Supply Chain organization, PT XYZ, and academician) to revise/complement the identified criteria. Based on the experts' evaluations, a second questionnaire is developed to determine the relationships (inner and outer dependence) among all criteria and sub-criteria. The same experts fill out the second questionnaire. Based on the second questionnaire result, a decision network model is developed, and thereafter, a third questionnaire is developed to confirm the GSCM perspective of the company and for pairwise comparisons between related criteria and sub-criteria. Nine-scale pairwise comparisons are performed by two experts representing PT XYZ, and the results are processed to determine the limiting (global) weights using Superdecision software.
ANP model
This study proposes ANP network with 6 criteria and 29 sub-criteria, which are obtained from the literature and through structured interviews with experts from the company. One of the six criteria contains GSCM strategy options, namely risk-based strategy, efficiency-based strategy, innovationbased strategy, and closed loop strategy. The criteria in the network model are basically adopted from GSCM definition [9] and practices scope [10] . Most of the criteria are the same as in Chen et al. [5] and Muralidhar et al. [15] . The GSCM strategy alternatives are adopted from Simpson and Samson [13] as well. The sub-criteria, however, are taken from several literature as can be seen in Table 2 .
Results of the first questionnaire, the experts propose another sub-criterion in the "green design" criterion, which is "product and packaging designs that take into account green logistics". The second questionnaire is then distributed to the same three experts to determine the relationships (inner and outer dependencies) between criteria and sub-criteria, and then based on the questionnaire results, a decision network model is developed (see Figure 1) . (1) Abstaining from using toxic materials [5] , [18] (2) Complying with design for disassembly, reuse, and recycling (DfDRR) principles [18] (3) Saving energy [5] . [19] (4) Increasing innovation capability [5] (5) Reducing packaging [18] (6) Conducting life-cycle assessment/analysis (LCA) on procducts [18] . [19] b. Green Purchasing: Adopting GSCM compliance and evaluative approach practices towards suppliers by evaluating the suppliers based on environmental criteria and requiring them to develop and monitor some forms of environment management system (1) Minimizing the amount of energy and resources used [5] , [19] (2) Using environmental-friendly energy [5] (3) Minimizing the amount of hazardous emission and waste [5] , [19] (4) Maximizing the reuse of hazardous waste [5] d. Green Marketing and Services: Green marketing should evolve into a strategic activity, including manipulating STP (segmenting, targeting, and positioning) and 4P (product, price, place, and promotion) activities, greening logistics, and developing green alliances
(1) Making good use of ICT tools [5] , [17] (2) Disclosing environmental information of products/services [5] (3) Green distribution [19] (5) Green advertisement [19] e. Reverse Logistics: The process of planning, implementing, and controlling the efficient and effective flow of cost, raw materials, in-process inventory, final product and information from the point of consumption to the point of origin for the purpose of value recovery or proper disposal 
Results and discussions
GSCM strategy selection
A third questionnaire is distributed to two experts representing the SCM division in PT XYZ to determine the pairwise comparisons between all related criteria and sub-criteria. The questionnaire results are then processed using Superdecision software, and the resulting limiting weights of all criteria and sub-criteria can be seen in Table 3 . 
It can be seen from Table 3 , that among the selection criteria, "green manufacturing" has the highest priority (0.247), followed by "green design" (0.183), "green purchasing" (0.166), "green marketing & services" (0.073), and "reverse logistics" (0.057). The results indicate that the proper GSCM strategy for PT XYZ is highly determined by the implementation of green manufacturing in the company, especially in minimizing the amount of hazardous emission and waste (0.495) and in minimizing the amount energy and resources used (0.231). In terms of green design, increasing innovation capability, and also having product and packaging designs that take into account green logistics have the highest importance, while concerning purchasing, selecting suppliers with green management abilities and conducting collaboration activities, including training, recycling facility, reuse and resources reduction have the highest importance in the respective clusters.
The most suitable GSCM strategy for PT XYZ is indicated by the highest sub-criterion weight in the "Green strategy alternatives" cluster. It can be seen from Table 4 that sub-criterion with the highest local weight (normalized) is "innovation-based strategy" with the weight of 0.4548. Therefore, innovationbased strategy is the most suitable GSCM strategy for PT XYZ.
Based on the definition, the strategy requires high investment on resources and strong commitment to improve the environmental-based innovation capability at PT XYZ. High investment on resources are used to support innovations performed by the company, while strong commitment is needed because in implementing the strategy, environmental-based supply chain activities must be conducted continuously. Therefore, the strong commitment is needed to ensure that the company is consistent in conducting those environmental-based supply chain activities. Based on the third questionnaire's results, it is confirmed that that the company has an active integration GSCM perspective, whereas the company has put an effort to build cooperative relationship with the supply chain partners (suppliers, distributors, and retailers) by establishing environmental standards towards the third parties that support the business processes. Furthermore, PT XYZ has already had environment program incorporated in the business process, for instance, the company has an effort to reduce the waste and also uses environmental friendly packaging design. However, compared to XYZ global, especially XYZ German, there is an inconsistency of perspective towards green management. In terms of the characteristics, XYZ global has a proactive innovation, whereby environmental friendly business activities have become a strategy and green management process has involved innovation. This indicates that the environment management of PT XYZ has not been fully adjusted to XYZ global. Therefore, with innovation-based strategy, PT XYZ can strengthen the innovation and invest more resources to support GSCM implementation.
Sensitivity analysis
Sensitivity analysis is conducted to understand how the optimal solution is responding to changes in network parameter inputs. If the chosen strategy still has the highest weight when parameter inputs are changed, the chosen strategy is stable and thus can be implemented by PT XYZ.
Based on the results, "improving innovation capability" sub-criterion has high influence on "innovation-based strategy" sub-criterion (the chosen strategy), and thus we want to know whether changes in the weight of "improving innovation capability" can change the weight of the optimal strategy. The sensitivity analysis results are presented in Figure 2 . It can be seen that there is no significant change on the weights of the GSCM strategy alternatives due to changes in the weight of "improving innovation capability" sub-criterion. "Innovation-based strategy" sub-criterion still has the highest weight. When the weight of "improving innovation capability" sub-criterion is reduced to 80%, the closed-loop strategy and risk-based strategy weights increase by 3% and 2% respectively, while the other two sub-criteria slowly decrease from the initial values.
Figure 2. Sensitivity analysis results
Therefore, it can be concluded that "innovation-based strategy" is not sensitive to changes in the weight of "improving innovation capability" (its most influential sub-criterion). It implies that PT XYZ has high preference toward the strategy because as a manufacturer of highly competitive products, it requires strong innovation to meet the market requirements. By involving innovation in environment management, PT XYZ can support the corporate vision sustainably.
Conclusions and recommendations
This research aims at helping PT XYZ to select the most-suitable GSCM strategy, which is a multiple criteria decision-making problem. We use ANP to solve the problem as the method models the relationships between criteria and sub-criteria in a network that can represent real world problem. By modeling the problem as a network, the decision-maker can understand the complex problem more clearly and in a systematic way.
The criteria and sub-criteria are obtained from literature review with an addition of one sub-criterion that is obtained from the experts. The criteria are namely green design, green purchasing, green manufacturing, green marketing and services, reverse logistics and GSCM strategy alternatives (riskbased, efficiency-based, innovation-based, and closed-loop strategies). The total number of sub-criteria is 29. Results of pairwise comparisons indicate that innovation-based strategy has the highest weight among the GSCM strategy alternatives sub-criteria, and thus is selected as the most-suitable GCSM strategy for PT XYZ. The results also show that the strategy selection process is highly determined by green manufacturing, followed by green design, green purchasing, green marketing and services, and reverse logistics. Sensitivity analysis results show that the chosen strategy is not sensitive to changes in the weight of its most influential sub-criterion ("improving innovation capability").
The chosen strategy enacts stricter environment requirement upon suppliers and thus, forces companies to invest more resources and cultivate innovative capabilities for green management. Therefore, it requires strong commitment from the top management of PT XYZ.
In order to implement the strategy, PT XYZ can start by conducting activities that can stimulate innovation capability improvement as well communicating their environment vision and mission internally and externally. The company may also form a cross-functional development team that is encouraged to create environment-based innovations that can be integrated into the supply chain through environment-related research. PT XYZ may also involve external parties to enrich the innovative ideas by conducting joint research or by collaborating with experts or other stakeholders, such as the suppliers.
